Background {#Sec1}
==========

Small-cell lung cancer (SCLC) is one of the two main types of lung cancer with short doubling time, high malignancy, and early and extensive metastasis, accounting for approximately 15% of the lung malignancies. SCLC is sensitive to radiotherapy and chemotherapy but highly prone to drug resistance and relapse. The incidence of SCLC is 6.0 per1000,000 persons \[[@CR1]\], and the five-year survival rate is 7%. Because of the pathophysiological characteristics of SCLC, a vast majority of patients have been diagnosed with lymph nodes or distant metastases and lost indications for surgical treatment. Patients with stage I SCLC were recommended to take surgery and postoperative chemotherapy according to National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (version 2.2018) \[[@CR2]\].

Survival analyses are common statistical analysis methods in prognosis research; however, classical survival analyses generally deal with only one type of event, which the researchers are interested in, for example, relapse. Many SCLC patients ultimately die from other diseases instead of lung cancer, indicating that there are death competition causes in SCLC; therefore, it is necessary to use a competing risk regression model when evaluating the prognosis of SCLC. In the presence of competing risks, the classical survival analyses are inaccurate because we cannot assume that the follow-up period is sufficiently long for the event we care about to occur. Nomograms are statistical models, and the basic principle of nomograms is to provide the score of each influencing factor according to the contribution degree of each influencing factor in the regression model, and then, calculate the total score of an individual, so as to obtain the predicted value of the individual.

In this study, we aimed to evaluate the effects of the competing causes for the SCLC survival rate and to establish a competing risk nomogram to quantitatively analyze the survival differences in SCLC patients.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

The data on patients with stage IA and IB small cell lung cancer (SCLC) were obtained from the SEER database (2004--2014) using SEER\*Stat (v8.3.2). The study cohort consisted of the patients with the following International Classification of Diseases for Oncology Third Edition (ICD-O-3), morphology codes: 8002/3; 8041/3, 8042/3, 8043/3, 8044/3, and 8045/3; and the site codes: C34.0, C34.1, C34.2, C34.3, C34.8, and C34.9. The exclusion criteria were as follows: (1) age at diagnosis less than 18 years, (2) dead or without pathological information, and (3) lack of complete epidemiology and clinical information.

The demographic and clinical pathological data included age, gender, race, anatomical site, laterality, tumor size, tumor degree, grade, and treatment forms. Race was divided into black, white, and others. Three groups were formed according to age (less than 60 years, 60--75 years, and more than 75 years). The anatomic sites were divided into upper, middle, lower, bronchus, and others. Laterality included left and right. The extent of tumor was divided into local and regional, and the grading was classified as good, moderate, poor, undifferentiated, and NOS. The forms of treatment were surgery, chemotherapy, and radiotherapy. The complete SEER session information was added to a [supplemental document](#MOESM1){ref-type="media"}.

Statistical analysis {#Sec4}
--------------------

The primary end-point of the study was cause-specific mortality. According to the cause of death (COD) code, we classified the cause of death as cancer-specific death and death resulting from other causes. The covariates added to the model were mainly selected from the available clinically prognostic factors recorded in the SEER database. The covariates included were gender, age, race (black, white, or others/unknown), anatomic sites (upper, middle, lower, bronchus, or others), laterality (left or right), tumor size, extent of tumor (local or regional), grading (good, moderate, poor, undifferentiated, or NOS), chemotherapy (yes or no), radiotherapy (yes or no), and surgery (yes or no). For describing the probability of death, we chose the cumulative incidence function (CIF) and Gray's test \[[@CR3]\]. Ages at diagnosis were regrouped as follows: less than 60 years, 60--75 years, and more than 75. Tumor sizes were grouped into three categories: ≤3 cm, 3--5 cm, and \> 5 cm.

We adopted the Fine and Gray proportional hazards model to assess the three- and five-year probabilities of the two competing mortality events \[[@CR4]\]. The restricted cubic splines with three empirical knots (10, 50, and 90%) were fitted to the model \[[@CR5]\]. Gray's test was used to compare the difference in the CIF between the two different outcomes. Backward stepwise selection based on Bayesian Information Criterion was used to further eliminate redundant variables. The resulting multivariate Cox regression model was used to calculate risk score and build the final nomogram prognostic model. The Harrell C index5 was applied to indicate the discrimination, and the calibration plot obtained using the method provided by Gray \[[@CR3]\] was adopted to evaluate the calibration \[[@CR6], [@CR7]\]. Both discrimination and calibration were assessed by bootstrapping with 1000 resamples.

All the statistical analyses were carried out with the R software (v3.3.3). The R packages cmprsk \[[@CR8]\], mstate \[[@CR9]\] and rms \[[@CR10]\] were used for modeling and developing the nomogram. All the reported significance levels were two-sided, and the *P* value for statistical significance was defined as *P* \< 0.05.

Results {#Sec5}
=======

Patient characteristics {#Sec6}
-----------------------

We selected 1811 eligible stage I SCLC patients (Fig. [1](#Fig1){ref-type="fig"}). The distribution of the patients' demographics and clinical characteristics is presented in Table [1](#Tab1){ref-type="table"}. Of these, 342 (18.9%) patients were aged \< 60 years, 981 (54.2%) were aged 60--74 years, and 488 (26.9%) were aged more than 75 years. The number of female patients was 949 (52.4%) and that of the Caucasians was 1578 (87.1%). The most common site was the upper lobe (56.6%), followed by the lower lobe (27.9%) and the other areas (15.56%). The number of patients with a right-sided primary tumor was 1018 (56.2%). The distribution of the tumor size was 53.4, 28.9, and 17.7% for \< 3 cm, 3--5 cm, and \> 5 cm. As for the tumor extension, the local and the regional ones accounted for 84.3 and 15.7%, respectively. In all, 457 (25.2%) patients were treated with surgery, 929 (51.3%) patients were treated with radiotherapy, and 1217 (67.2%) patients were treated with chemotherapy. Fig. 1Flow chart showing the process of patient selection. Patients were selected according to several criteria: (1) stage IA-IB, (2) cases with complete information about survival, follow-up months, and cause of death, (3) cases with known tumor sizeTable 1One-, three-, and five-year cumulative incidence of mortality in stage I SCLC patientsCharacteristicsN%Event%Cancer-specific deathDeath from other causes1-year (%)3-year (%)5-year (%)*P*1-year (%)3-year (%)5-year (%)*P*Total1811122128.756.561.55.811.113.6Age at diagnosis\< 0.0010.001  \< 60 years34218.919215.718.649.853.15.27.78.2 60--75 years98154.264052.426.153.559.55.510.714.3  \> 75 years48826.938931.940.967.171.46.914.215.9Gender0.5740.016 Female94952.461950.727.356.360.55.19.111.3 Male86247.660249.330.156.762.66.513.316.0Race0.6900.183 White157887.1106487.128.956.160.85.911.313.8 Black1679.21119.126.457.966.05.77.89.9 Others663.7463.827.764.366.63.315.117.4Anatomic sites\< 0.0010.048 Upper102556.668556.126.555.960.65.611.814.5 Middle1156.4766.222.751.655.112.519.819.8 Lower50527.933627.529.455.761.85.18.011.1 Bronchus/others1669.212410.243.666.070.54.59.910.8Primary tumor location0.2210.682 Left-sided79343.852242.828.155.359.86.212.014.1 Right-sided101856.269957.229.157.462.85.510.413.1Tumor size\< 0.0010.030  ≤ 3 cm96753.460249.323.750.655.05.712.115.7 3--5 cm52328.937931.030.559.666.17.110.912.1\> 5 cm32117.724019.740.568.873.33.98.59.5Tumor extension\< 0.0010.005 Local152684.3102083.527.955.459.76.311.814.6 Regional28515.720116.532.562.271.33.37.38.0Grading0.0380.375 Good or moderate341.9181.516.336.641.33.16.816.7 Poor34318.920717.026.351.354.14.911.813.3 Undifferentiated43924.231826.026.558.065.05.68.411.6 NOS99554.967855.530.858.162.96.312.314.5Surgery\< 0.0010.593 Yes45725.221417.511.235.640.44.69.512.0 No135474.8100782.534.563.468.56.211.614.1Chemotherapy\< 0.001\< 0.001 Yes121767.278364.123.854.060.03.68.611.2 No59432.843835.938.761.864.610.416.318.6Radiotherapy\< 0.0010.773 Yes92951.359548.721.752.158.84.110.313.3 No88248.762651.336.061.264.47.612.013.8

The median follow-up for these patients was 16 months (range: 7 to 33 months). During the follow-up period, 1221 patients died: 986 died of specific causes, and 235 died of other causes. The top three other causes of death were heart disease (27.2%), chronic obstructive pulmonary disease (COPD) and allied conditions (20.9%), and cerebrovascular diseases (4.7%).

Probability of death {#Sec7}
--------------------

The cumulative incidence function curves are plotted in Fig. [2](#Fig2){ref-type="fig"}. The one-, three-, and five-year estimates of the cumulative incidence of mortality according to the age at diagnosis, gender, race, anatomic sites, laterality, tumor size, tumor extension, grading, and treatment are summarized in Table [1](#Tab1){ref-type="table"}. The five-year cumulative incidence of mortalities resulting from specific causes and other causes was 61.5 and 13.6%, respectively. Patients with the characteristics of big tumor size, regional tumor extension, older age, and no surgery, chemotherapy, and radiotherapy were associated with high cause-specific death probabilities. Patients aged more than 75 years had the highest probability of death resulting from specific causes (71.4%). The cumulative incidence of cause-specific death for patients who did not undergo surgery was as low as 40.4%. As for the patients who did not receive chemotherapy and radiotherapy, their cumulative incidence of cause-specific death was 64.6 and 64.4%, respectively. Fig. 2Cumulative incidence estimates of mortality of stage I SCLC patients by key characteristics (dotted line: death from other causes, solid line: cause-specific death)

Considering the non-linear effect of age and tumor size, we used restricted cubic splines to flexibly model continuous variables. We conducted the joint test to see whether the group of coefficients as a whole was statistically significant or not (*P* \< 0.001). As the results of competing risk model displayed on Table [2](#Tab2){ref-type="table"}, tumor size, extent of tumor, laterality of tumor, surgery, and radiotherapy could strongly predict cancer-specific death. Patients who underwent surgery or radiotherapy had a lower cause-specific mortality, with a subdistribution hazard ratios (sdHR) of 0.370 (95%CI 0.304--0.450) and 0.553 (95%CI 0.477--0.641), respectively. Patients with regional tumor extension were more likely to die of their disease, with an sdHR of 1.434 (95%CI 1.216--1.693), when compared with local extension. Additionally, right-sided and larger tumor size were also associated with worse cancer-specific outcomes. For those patients who died from other causes, age, male, local extension, and patients without chemotherapy had a more aggressive impact, with a higher sdHR. Table 2Proportional Subdistribution Hazard Models of Probabilities of Cancer-Specific Death and Death from Other Causes for Patients with Stage I SCLCCharacteristicsCancer-Specific DeathDeath from Other CausesCoefficient~**sd**~HR (95%CI)PCoefficient~**sd**~HR (95%CI)PAge0.0111.010 (0.997--1.024)0.1300.0561.057 (1.010--1.105)0.015Age'0.0151.015 (0.999--1.031)0.065−0.0500.951 (0.911--0.993)0.024Tumor size0.1181.125 (1.013--1.249)0.027−0.1060.899 (0.746--1.083)0.260Tumor size'−0.0710.931 (0.806--1.076)0.3400.0441.045 (0.780--1.399)0.770Male−0.0240.976 (0.858--1.110)0.7200.3321.393 (1.071--1.811)0.013Race Black− 0.0220.978 (0.805--1.187)0.830−0.4540.634 (0.368--1.094)0.100 Others−0.1590.853 (0.591--1.231)0.400−0.0280.972 (0.490--1.929)0.940Anatomic sites Middle−0.2480.780 (0.580--1.050)0.1000.4241.528 (0.937--2.492)0.089 Lower0.0111.010 (0.874--1.168)0.880−0.2560.774 (0.564--1.060)0.110 Bronchus/Other0.2561.291 (1.018--1.636)0.034−0.1920.825 (0.492--1.382)0.470 Right-sided0.1491.160 (1.015--1.324)0.028−0.1320.876 (0.669--1.147)0.340Regional0.3611.434 (1.216--1.693)\< 0.001− 0.5160.597 (0.381--0.934)0.024Grading Poorly0.1711.186 (0.701--2.006)0.520−0.2130.807 (0.317--2.053)0.650 Undifferentiated0.2291.257 (0.748--2.111)0.390−0.3530.702 (0.277--1.779)0.460 NOS0.1561.168 (0.698--1.955)0.550−0.1080.897 (0.356--2.259)0.820 Surgery−0.9920.370 (0.304--0.450)\< 0.001−0.1620.850 (0.590--1.223)0.380 Chemotherapy−0.0640.937 (0.801--1.096)0.420−0.5820.558 (0.411--0.758)\< 0.001 Radiotherapy−0.5920.553 (0.477--0.641)\< 0.0010.1821.199 (0.885--1.625)0.240Note: Age' and Tumor size' are constructed spline variables (when k = 3)

Nomogram {#Sec8}
--------

The nomogram built on the basis of Fine and Gray's model is shown in Fig. [3](#Fig3){ref-type="fig"}. The nomogram was used to find the corresponding score on the points row above the graph for each variable included in the model. All the assigned scores of the variables were added to obtain the total score, and then, a straight line was drawn to the bottom of the graph to estimate the probability of death. Fig. 3Nomogram to predict three- and five-year probabilities of mortality due to different causes for stage I SCLC patients: **a** cause-specific death and **b** death from other causes

Model performance {#Sec9}
-----------------

The Harrell C index \[[@CR5]\] was applied to indicate the discrimination, and a calibration plot obtained using the method provided by Gray \[[@CR2]\], which was adopted to evaluate calibration. Discrimination, as measured by the 1000 resample bootstrap-corrected C index, was 0.696 (95% CI: 0.688--0.705) for the cancer-specific death and 0.672 (95% CI: 0.650--0.694) for other causes resulting in death. The calibration plot (Fig. [4](#Fig4){ref-type="fig"}) showed a high consistency between the predicted and the observed events. Fig. 4Calibration plot indicating the performance of the nomogram

Discussion {#Sec10}
==========

In this study, we assessed the cumulative incidence of mortality resulting from different causes in stage I SCLC patients, who were a part of a large cohort considered in the SEER database. At the same time, we constructed a proportional sub-distribution model and a competing risk nomogram with variables to investigate the three- and five-year cause-specific mortality.

Previous study \[[@CR11]--[@CR16]\] showed that the five-year cumulative incidence rate in patients diagnosed with stage I SCLC who were instructed to undergo surgery was from 40 to 60%. A retrospective analysis from the SEER database showed that patients with stage I SCLC who underwent lobectomy had a higher 5-year survival of 50.3% \[[@CR17]\]. In our study, the five-year cumulative incidence rates of cause-specific and other cause-related mortality were 61.5 and 13.6%, respectively, indicating that SCLC had a high mortality rate and poor prognosis. However, many patients died from other diseases despite the poor prognosis. With an increase in the age and the tumor size, the cumulative incidence of death resulting from all the causes gradually increased. The treatment of SCLC, including surgery, chemotherapy, and radiotherapy, diminished the cumulative incidence of mortality of all the causes. The regional extent of a tumor statistically increased the cumulative incidence, which indicated that the treatment of the limited early stage of cancer was beneficial to the patients' prognosis. For example, a 70 years patient with tumor size of 4 cm and regional extent of tumor, receiving surgery and radiotherapy has an estimate of 3-year and 5-year probability of death due to lung cancer of 33.7 and 38.1%, respectively.

According to the present competing risk model, the predictors of cause-specific death for stage I SCLC included tumor size, extent of tumor, surgery, and radiotherapy. There was a high probability in patients with the characteristics of the regional extent of tumor, large tumor size, no surgery, or radiotherapy to die of SCLC. Gender did not affect the cause-specific mortality, but the male patients were more prone to dying from other causes. Age affected other cause-related SCLC mortality. Hence, it is important to take actions to prevent older patients from dying from other diseases irrespective of the SCLC treatment. We did not find any significant effects of race and laterality on cause-specific death and death from other causes. Anatomic sites and grading were only significant in the cases of cause-specific death. Wang et al. \[[@CR18]\] developed a nomogram prognostic model for SCLC patients and validated the model using an independent patient cohort. Their nomogram performs better than earlier models, including those using AJCC staging. However, because of lacking the Stage I SCLC competing risk analyses in their model, we cannot compare the results between Wang's model and our model in this study.

Patients diagnosed with SCLC without any lymph node metastasis at a very early stage may undergo surgical resection of the lesion as the initial treatment procedure. According to the National Comprehensive Cancer Network guidelines, postoperative chemotherapy is recommended for stage I SCLC rather than radiation. Our study showed that surgery could effectively reduce the number of cancer-specific deaths and that the one-year cumulative incidence dropped from 34.5 to 11.2%. Like surgery, chemotherapy and radiotherapy improved the one-year survival rate. It is necessary to consider radiation before or after surgery, and this needs more validation. As SCLC is characterized by rapid growth, high invasiveness, and early metastasis, the five-year cumulative incidence was relatively high irrespective of the form of treatment. Our results indicated that treatment did not benefit the five-year survival rate. Therefore, early diagnosis and treatment are very critical and can markedly improve the one-year survival rate.

It is undeniable that our prediction model has some limitations. First, approximately 27% of the patients in our study were diagnosed during 2012--2014, which resulted in relatively short follow-up time. We could expect that longer follow-up time may help to improve the accuracy of model prediction. Second, several treatment-related factors weren't included in the model, such as the plans of chemotherapy, number of cycles, the doses and methods of radiotherapy and the follow up treatment after recurrence. These factors can also influence the prognosis. Third, our model only provides a reference to clinical doctors. More complicated clinical factors will also be taken into account in their treatment decisions. Fourth, the comorbidity was a significant factor when physicians deciding treatment strategies. It was indeed a limitation that we established a prognostic model without comorbidity information. But we considered other vital clinical characters which could be obtained in SEER database with large sample and we believed this model could also providing valuable implications in clinical practice for stage I SCLC patients.

Conclusions {#Sec11}
===========

The cumulative incidence of mortality due to specific causes and other causes in stage I SCLC patients was calculated using a SEER database analysis. We also constructed the competing risk regression model for stage I SCLC and a competing risk nomogram to predict the three- and five-year cause-specific mortality individually. The nomogram could predict the prognosis conveniently and directly for stage I SCLC patients and help clinicians to make critical treatment decisions and choose appropriate strategies.
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SCLC

:   Small-cell lung cancer

CIFs

:   Cumulative incidence functions

NCCN

:   National Comprehensive Cancer Network

SEER

:   Surveillance, Epidemiology, and End Results

sdHR

:   Sub-distribution hazard ratio

COPD

:   Chronic obstructive pulmonary disease

NOS

:   Not otherwise specified

CI

:   Confidence interval
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